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(57) ABSTRACT

A parameter acquiring device for acquiring parameters for a
control valve has a controlling valve operating unit, a valve
opening signal acquiring unit and a parameter calculator. The
controlling valve operating unit operates a controlling valve
in an opening direction and in a closing direction by chang-
ing, in a specific sequence, a control signal that controls an
opening of a regulator valve. The valve opening signal acquir-
ing unit acquires a signal indicating an actual opening of the
regulator valve. The parameter calculator acquires data pairs
of control signals and valve opening signals. The parameter
calculator calculates a parameter of the control valve based on
the data pairs that have been acquired.
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(  START )

A

Set Mv to the initial value Mv(0) and wait for Pv to stabilize.

y

US 9,261,867 B2

S101

S102

After Pv stabilizes, increase Mv until reaching Pv(2).

S102-1

Store as Mv(1-1) the Mv when Pv(1) is reached.

) J

S102-2

Store as Mv(1-2) the Mv when Pv(2) is reached.

/

$103

After Py stabilizes, decrease Mv until reaching Pv(1).

51031

Store as Mv(2-2) the Mv when Pv starts to move.

| —

Y

5103-2

Store as Mv(1-2) the Mv when Pv reaches Pv(1).

L

\ J

S104

Calculate the gain G, hysteresis H, and intercept C from Pv(1),
Pv(2), Mv(1-1), Mv(1-2), Mv(2-1), and Mv(2-2).

S105

Store the gain G, hysteresis H, and intercept C.

END
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FIG. 3
A
Pv | Mv (2-1)
Mv (2-2)
X2 Pv(2)
(4)
Pv (0) 7/
|
Mv
C Mv (1-2) | Mv(1-1)
Mv (0)

Intercept
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FIG. 4

(  START )

y S201
Set Mv to the initial value Mv(0) and wait for Pv to stabilize. /

y S202
After Pv stabilizes, increase Mv until reaching Pv(1). -
Y 5203
Store as Mv(1-1) the Mv when Pv(1) is reached. L~
¥ S204
| Reduce Mv until Pv starts to move. i/
' S205
{ Store as Mv(1-2) the Mv when Pv starts to move. -
v 5206
1 Increase Mv until Py reaches Pv(2). {/
v S207
L
Store as Mv(2-1) the Mv when Pv(2) is reached.
v 5208
-
Reduce Mv until Pv starts to move.
S209
Store as Mv(2-2) the Mv when Pv starts to move. ~
S210
Increase Mv until Pv starts to move.
S211
h J /
Calculate the gain G, hysteresis H, and intercept C from
Pv(l), Pv(2), Mv(1-1), Mv(2-1), and Mv(2-2).
5212
\ -~

Store the gain G, hysteresis H, and intercept C.

END
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FIG. 5
A
Pv Mv (2-1)
Mv (2-2)
X2 Pv(2)
X1 Pv (1)
Pv (0)
Mv
C Mv(1-2) | Mv(1-1)
Mv (0)
X Intercept
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FIG. 7

PvA
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Mv (1)

Background Art
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FIG. 8

PvA

Pv (2) /

Pv (1)

Pv (0)
4 i

M v (0) Mv
Mv (1) Mv (2)

le
('

Intercept

Background Art



US 9,261,867 B2

1

PARAMETER ACQUIRING DEVICE AND
METHOD, FOR DEFINING DATA PAIRS FOR
VALVE CONTROL IN AN OPENING AND
CLOSING DIRECTION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2012-054763, filed on Mar. 12, 2012, the entire
content of which being hereby incorporated herein by refer-
ence.

FIELD OF TECHNOLOGY

The present invention relates to a parameter acquiring
device and method for acquiring parameters for a control
valve that is structured from a regulator valve and a positioner
that controls the opening of the regulator valve.

BACKGROUND

Conventionally, in chemical plants, and the like, position-
ers are provided for regulator valves that are used in flow rate
processes, where the openings of the regulator valves are
controlled by the positioners. A positioner is provided with a
calculating portion for calculating a deviation between an
opening setting value, which is sent from a higher-level
device, and the actual opening that is fed back from the
regulator valve, to generate, as a control output, a control
signal that is dependent on that deviation, an electropneu-
matic converting device for converting the control output that
is generated by the calculating portion into a pneumatic pres-
sure signal, and a pilot relay for amplifying the pneumatic
pressure signal, converted by the electropneumatic convert-
ing device, and outputting it to an operating device of the
regulator valve as an amplified pneumatic pressure signal.
See, for example, Japanese Unexamined Utility Model Reg-
istration Application Publication S62-28118.

FIG. 6 illustrates the flow of input/output signals in a con-
trol valve structured from a positioner and a regulator valve.
In this figure, 100 is the positioner, 200 is the regulator valve,
and 300 is the control valve that is structured from the posi-
tioner 100 and the regulator valve 200, where the positioner
100 is provided with an electric module 1, an EPM (an elec-
tropneumatic converting module) 2, and a pilot relay (a pneu-
matic pressure amplifying module) 3.

The electric module 1 inputs an opening setting signal lin
and a signal (the valve opening signal) Pv that indicates the
actual opening X of a valve, fed back from the regulator valve
200, to produce, as a control output, an EPM driving signal (a
PWM signal (duty signal)) Mv. The EPM 2 inputs the EPM
driving signal Mv from the electric module 1, and converts
this EPM driving signal Mv into a nozzle back pressure Pn.
The pilot relay 3 inputs the nozzle back pressure Pn from the
EPM 2, to produce the operating device pressure Po from the
nozzle back pressure Pn. The regulator valve 200 inputs the
operating device pressure Po from the positioner 100, to
regulate the opening X of the valve depending on the operat-
ing device pressure Po.

In such a control valve 300, the positioner 100 has an auto
tuning function, and, for example, automatically obtains the
gain of the input/output characteristics of the control valve
300 in order to determine the control parameter. For example,
in the positioner disclosed in Japanese Patent 4244507, as
illustrated in FIG. 7, the initial value Mv(0) for the EPM
driving signal Mv is outputted and a check is performed as to
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2

whether or not the valve opening signal Pv(0) is in the oper-
ating range, the EPM driving signal Mv(1) is outputted and
the valve opening signal Pv(1) is obtained, following which
the EPM driving signal Mv(2) is outputted and the valve
opening signal Pv(2) is obtained, and the input/output char-
acteristic gain of the control valve is calculated from the
amount of change between the EPM drive signals Mv(1) and
Mv(2) and the amount of change between the valve opening
signals Pv(1) and Pv(2). In this case, the EPM drive signals
My are changed in the same direction, that is, the opening of
the valve is changed in the same direction, and thus the
input/output characteristic gain is calculated with the hyster-
esis canceled out.

However, in the method illustrated in FIG. 7, it is not
possible to calculate all at once parameters such as input/
output characteristic hysteresis and intercept, and the like,
through the single action of calculating the gain for the input/
output characteristics. FIG. 8 illustrates the relationship
between the EPM driving signal Mv and the valve opening
signal Pv (that is, the input/output characteristics) when the
regulator valve is caused to undergo reciprocating motion. In
these input/output characteristics, H indicates a hysteresis
and C indicates the intercept.

Note that hysteresis is used when determining control
parameters (referencing, for example, Japanese Patent
3511458), and used as a parameter in fault evaluations. In
Japanese Unexamined Patent Application Publication 2003-
308101, for example, the hysteresis is used in a comparison
with the frictional force at the time of proper operation. The
intercept can be used as a parameter when calculating a fluid
reactive force.

The present invention was created in order to solve such
problems, and an aspect of the present invention is to provide
a parameter acquiring device and method wherein it is pos-
sible to calculate all at once other parameters, such as hyster-
esis and the intercept, in a single operation of calculating the
gain of the input/output characteristics.

SUMMARY

In order to achieve the above-described aspect, the present
invention provides a parameter acquiring device for acquiring
parameters for a control valve that is structured from a regu-
lator valve and a positioner that controls the opening of the
regulator valve. The parameter acquiring device has a con-
trolling valve operating unit that operates a controlling valve
in an opening direction and in a closing direction by chang-
ing, in a specific sequence, a control signal that controls the
opening of the regulator valve, a valve opening signal acquir-
ing unit that acquires, as a valve opening signal, a signal
indicating the actual opening of the regulator valve, a param-
eter calculator that defines, as a first data pair, the valve
opening signal and the control signal when the regulator valve
is at a first intermediate opening when the regulator valve is
operating in the opening direction, defines, as a second data
pair, the valve opening signal and the control signal when the
regulator valve is at a second intermediate opening when the
regulator valve is operating in the opening direction, defines,
as a third data pair, the valve opening signal and the control
signal when the regulator valve is at a third intermediate
opening when the regulator valve is operating in the closing
direction, defines, as a fourth data pair, the valve opening
signal and the control signal when the regulator valve is at a
fourth intermediate opening when the regulator valve is oper-
ating in the closing direction, acquires at least three of the first
through fourth data pairs, and calculates a parameter of the
control valve based on the data pairs that have been acquired.
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In this invention, if, for example, a first intermediate open-
ing and a fourth intermediate opening are defined as the same
opening, a second intermediate opening and a third interme-
diate opening are defined as the same opening, the valve
opening signal at the first intermediate opening for a regulator
valve when the regulator valve is operating in the opening
direction is defined as Pv(1) and the control signal at that time
is defined as Mv(1-1), the valve opening signal at the second
intermediate opening for a regulator valve when the regulator
valve is operating in the opening direction is defined as Pv(2)
and the control signal at that time is defined as Mv(2-1), and
the valve opening signal at the third intermediate opening for
a regulator valve when the regulator valve is operating in the
closing direction is defined as Pv(2) and the control signal at
that time is defined as Mv(2-2), the valve opening signal at the
fourth intermediate opening for a regulator valve when the
regulator valve is operating in the closing direction is defined
as Pv(1) and the control signal at that time is defined as
Mv(1-2), then, of a first data pair (Pv(1), Mv(1-1)), a second
data pair (Pv(2), Mv(2-1)), a third data pair (Pv(2), Mv(2-2)),
and a fourth data pair (Pv(1), Mv(1-2)), at least three data
pairs are acquired, and the parameters of the control valve are
calculated based on the data pairs that are acquired.

For example, when the first data pair (Pv(1), Mv(1-1)), the
second data pair (Pv(2), Mv(2-1)), the third data pair (Pv(2),
Mv(2-2)), and the fourth data pair (Pv(1), Mv(1-2)) are used,
the gain G can be calculated following Equation (a), below,
the hysteresis H can be calculated following Equation (b),
below, and the intercept C can be calculated following Equa-
tion (c), below.

G=2x(Pv(2)~Py(D)V (Mu(2-1)+Mu(2-2))-(Mv(1-1)+
Mv(1-2))} (a)

H={ (Mv(2-1)-Mv(2-2))+(Mv(1-1)-M(1-2))}/2 (b)

C=Py(1)-Gx(Mv(1-1)+Mv(1-2))/2 (c)

For example, when the first data pair (Pv(1), Mv(1-1)), the
second data pair (Pv(2), Mv(2-1)), and the third data pair
(Pv(2), Mv(2-2)) are used, the gain G can be calculated fol-
lowing Equation (d), below, the hysteresis H can be calculated
following Equation (e), below, and the intercept C can be
calculated following Equation (f), below.

G=(Pv(2)-Pv(1)) (Mv(2-1)-Mv(1-1)) ()

H=Mv(2-1)-Mv(2-2) (e)

C=Pv(2)-Gx(Mv(2-1)+Mu(2-2))/2 @

For example, when the first data pair (Pv(1), Mv(1-1)), the
second data pair (Pv(2), Mv(2-1)), and the fourth data pair
(Pv(1), Mv(1-2)) are used, the gain G can be calculated fol-
lowing Equation (g), below, the hysteresis H can be calculated
following Equation (h), below, and the intercept C can be
calculated following Equation (i), below.

G=(Pv(2)-Pv(1))/(Mv(2-1)-Mv(1-1)) (2)

H=Mv(1-1)-Mv(1-2) Gy

C=Py(1)-Gx(My(1-1)+Mv(1-2))/2 )

In this invention, the first intermediate opening and the
fourth intermediate opening, and the second intermediate
opening and the third intermediate opening, need not neces-
sarily be identical openings, but all may be different open-
ings. Even if all are different openings, the gain G, the hys-
teresis H, and the intercept C can still all be calculated easily
using geometric calculations. Moreover, a control parameter
for operating in the opening direction, for use when the regu-
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4

lator valve is operating in the opening direction, can be cal-
culated based on the first data pair and the second data pair,
and a control parameter for operating in the closing direction,
for use when the regulator valve is operating in the closing
direction, can be calculated based on the third data pair and
the fourth data pair.

Moreover, in the present invention the control signal may
use an input signal into a positioner, a drive signal into an
electropneumatic converter within a positioner, an input pres-
sure into a pressure amplifier within a positioner, or an input
pressure from a positioner into an operating device for driving
the regulator valve.

Moreover, the present invention may be embodied as a
parameter acquiring method rather than a parameter acquir-
ing device.

In the present invention, a valve opening signal, and the
control signal at that time, at a first intermediate opening of a
regulator valve when the regulator valve is operating in the
opening direction is defined as a first data pair, a valve open-
ing signal, and the control signal at that time, at a second
intermediate opening of a regulator valve when the regulator
valve is operating in the opening direction is defined as a
second data pair, a valve opening signal, and the control
signal at that time, at a third intermediate opening of a regu-
lator valve when the regulator valve is operating in the closing
direction is defined as a third data pair, and a valve opening
signal, and the control signal at that time, at a fourth interme-
diate opening of a regulator valve when the regulator valve is
operating in the closing direction is defined as a fourth data
pair, and at least three of these first through fourth data pairs
are acquired, to calculate control valve parameters based on
the data pairs that have been acquired, thus making it possible
to calculate, all at once, other parameters, such as the hyster-
esis and the intercept, in the same single operation as calcu-
lating the gain of the input/output characteristics.

Moreover, because, in the present invention, other param-
eters, such as the hysteresis and the intercept, can be calcu-
lated all at once in the single operation for calculating the gain
of the input/output characteristics, that is, because the func-
tion for calculating the other parameters such as the hysteresis
and the intercept, and the like, can be combined with the
function for calculating the gain of the input/output charac-
teristics, it is possible to eliminate any cost increases that
would result from the additional function.

Furthermore, combining these functions ties to an increase
in operational efficiency and a decrease in operating errors on
behalf of an operator who would have to handle many differ-
ent types of operations since a behavior to be understood in
advance can be limited to one behavior when setting the fault
evaluating parameters separately from the control parameters
rather than performing automatic tuning.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the structure of an example
of a parameter acquiring device according to the present
invention.

FIG. 2 is a flowchart of Example of a processing operation
executed by a CPU in the parameter acquiring device.

FIG. 3 is a diagram illustrating the change sequence of the
EPM driving signal Mv in response to operating instructions
from the CPU in the Example.

FIG. 4 is a flowchart of Another Example of a processing
operation executed by a CPU in the parameter acquiring
device.
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FIG. 5 is a diagram illustrating the change sequence of the
EPM driving signal Mv in response to operating instructions
from the CPU in the Another Example.

FIG. 6 is a diagram illustrating the flow of input/output
signals in a control valve structured from a positioner and a
regulator valve.

FIG. 7 is a diagram for explaining the operations when
acquiring the gain input/output characteristic of the control
valve for the positioner illustrated in Japanese Patent
4244507.

FIG. 8 is adiagram illustrating the relationship between the
EPM driving signal Mv and the valve opening signal Pv (the
input/output characteristics) in the case of a reciprocating
operation of the regulator valve.

DETAILED DESCRIPTION

Examples according to the present invention will be
explained below in detail, based on the drawings. FIG. 1 is a
diagram illustrating an example of a parameter acquiring
device according to the present invention. In this figure, codes
that are the same as those in FIG. 6 indicate identical or
equivalent structural elements as the structural elements
explained in reference to FIG. 6, and explanations thereof are
omitted.

In the example, a parameter acquiring device 400 is pro-
vided with a CPU 4, a memory portion 5 such asa ROM or a
RAM, and interfaces 6 and 7.

Note that this parameter acquiring device 400 may be
provided within a positioner 100, or may be provided outside
of the positioner 100. FIG. 1 illustrates the example wherein
it is provided outside of the positioner 100.

The CPU 4 branch inputs, through the interface 6, the valve
opening signal Pv that is fed back from the regulator valve
200, and branch inputs, through the interface 7, the EPM drive
signal Mv from the electric module 1 to the EPM 2. Further-
more, the CPU 4 operates following a parameter acquiring
program PG that is stored in the memory portion 5 to send, to
the electric module 1, operating instructions S1 for changing
the EPM drive signal Mv in a specific sequence.

Example

FIG. 2 and FIG. 3 will be referenced below to explain
Example of processing operations executed by the CPU 4
following the parameter acquiring program PG.

Notethat FIG. 2 shows a flowchart of the processing opera-
tions executed by the CPU 4, and FIG. 3 shows the sequence
of changes in the EPM drive signal Mv in response to oper-
ating instructions S1 from the CPU 4. In the below, the EPM
drive signal Mv that changes in response to an operating
instruction S1 will be termed a “control signal.”

The CPU 4 sets the control signal Mv to an initial value
Mv(0), and waits for the valve opening signal Pv to stabilize
(Step S101). After the valve opening signal Pv has stabilized
to become the valve opening signal Pv(0), the control signal
My is increased until the valve opening signal Pv goes to
Pv(2) (Step S102). This causes the regulator valve 200 to
operate in the opening direction.

In the process of increasing the valve opening signal Pv
from Pv(0) to Pv(2), the CPU 4 stores, as a control signal
Mv(1-1) at a first intermediate opening X1, the control signal
My at the time that the valve opening signal Pv has reached
Pv(1) (Step S102-1, referencing Arrow (1) in FIG. 3), and
stores as the control signal Mv(2-1) at a second intermediate
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6

opening X2 the control signal Mv from when the valve open-
ing signal Pv reached Pv(2) (Step S102-2, referencing Arrow
(2) in FIG. 3).

Following this, when the CPU 4 confirms that the valve
opening signal Pv has reached Pv(2), it reduces the control
signal Mv until the valve opening signal Pv reaches Pv(1)
(Step S103). This causes the regulator valve 200 to operate in
the closing direction.

In the process of decreasing the valve opening signal Pv
from Pv(2) to Pv(1l), the CPU 4 stores, as a control signal
Mv(2-2) at a second intermediate opening X2, the control
signal Mv at the time that the valve opening signal Pv begins
to move (Step S103-1, referencing Arrow (3) in FIG. 3), and
stores as the control signal Mv(1-2) at the first intermediate
opening X1 the control signal Mv from when the valve open-
ing signal Pv reached Pv(1) (Step S103-2, referencing Arrow
(4) in FIG. 3).

Moreover, the CPU 4 defines Pv(1) and Mv(1-1) as a first
data pair, Pv(2) and Mv(2-1) as a second data pair, Pv(2) and
Mv(2-2) as athird data pair, and Pv(1) and Mv(1-2) as a fourth
data pair, and calculates, from the first data pair (Pv(1), Mv(1-
1)), the second data pair (Pv(2), Mv(2-1)), the third data pair
(Pv(2), Mv(2-2)), and the fourth data pair (Pv(1), Mv(1-2)),
the input/output characteristic gain G, the hysteresis H, and
the intercept C, for the control valve 300 all at once (Step
S104).

At this time, the CPU 4 calculates the gain G following
Equation (1), below, calculates the hysteresis H following
Equation (2), below, and calculates the intercept C following
Equation (3), below:

G=2x(Py(2)~Py(1) (Mu(2-1)+M(2-2))-(Mv(1-1)+
Mv(1-2))} M

H={ (Mv(2-1)-Mv(2-2))+(Mv(1-1)-M(1-2))}/2 @)

C=Py(1)-Gx(Mv(1-1)+Mv(1-2))/2 3)

Note that Equation (1) is an equation that that may be
rewritten as:

G=(Pv(2)—v(D))[{(Mv(2-1 )+ Mw(2-2))2 }-{ (M(1-1)+
Mv(1-2))/2}]
After this, the CPU 4 stores the calculated gain G, the
hysteresis H, and the intercept C in the memory portion 5 as
parameters for the control valve 300 (Step S105).

Another Example

FIG. 4 and FIG. 5 will be referenced next to explain
Another Example of processing operations executed by the
CPU 4 following the parameter acquiring program PG.

The CPU 4 sets the control signal Mv to an initial value
Mv(0), and waits for the valve opening signal Pv to stabilize
(Step S201). After the valve opening signal Pv has stabilized
to become the valve opening signal Pv(0), the control signal
Myv is increased until the valve opening signal Pv arrives at to
Pv(1) (Step S202, referencing Arrow (1) in FIG. 5). This
causes the regulator valve 200 to operate in the opening
direction.

Following this, the CPU 4 stores, as the control signal
Mv(1-1) at the first intermediate opening X1, the control
signal Mv at the time that the valve opening signal Pv has
reached Pv(1) (Step S203).

Following this, when the CPU 4 confirms that the valve
opening signal Pv has reached Pv(1), it reduces the control
signal Mv until the valve opening signal Pv begins to move
(Step S204, referencing Arrow (2) in FIG. 5). This causes the
regulator valve 200 to operate in the closing direction.
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Following this, the CPU 4 stores, as the control signal
Mv(1-2) at the second intermediate opening X1, the control
signal Mv at the time that the valve opening signal Pv began
to move (Step S205).

Following this, when the CPU 4 has confirmed that the
valve opening signal Pv has begun to move, it increases the
control signal Mv until the valve opening signal Pv has
reached Pv(2) (Step S206, referencing the Arrows (3) and (4)
in FIG. 5). This causes the regulator valve 200 to operate in
the opening direction.

Following this, the CPU 4 stores, as the control signal
Mv(2-1) at the first intermediate opening X2, the control
signal Mv at the time that the valve opening signal Pv has
reached Pv(2) (Step S207).

Following this, when the CPU 4 confirms that the valve
opening signal Pv has reached Pv(2), it reduces the control
signal Mv until the valve opening signal Pv begins to move
(Step S208, referencing Arrow (5) in FIG. 5). This causes the
regulator valve 200 to operate in the closing direction.

Following this, the CPU 4 stores, as the control signal
Mv(2-2) at the second intermediate opening X2, the control
signal Mv at the time that the valve opening signal Pv began
to move (Step S209).

Following this, when the CPU 4 has confirmed that the
valve opening signal Pv has begun to move, it increases the
control signal Mv until the valve opening signal Pv begins to
move) (Step S210, referencing the Arrow (6) in FIG. 5).

Moreover, the CPU 4 defines Pv(1) and Mv(1-1) as a first
data pair, Pv(2) and Mv(2-1) as a second data pair, Pv(2) and
Mv(2-2) as athird data pair, and Pv(1) and Mv(1-2) as a fourth
data pair, and calculates, from the first data pair (Pv(1), Mv(1-
1)), the second data pair (Pv(2), Mv(2-1)), the third data pair
(Pv(2), Mv(2-2)), and the fourth data pair (Pv(1), Mv(1-2)),
the input/output characteristic gain G, the hysteresis H, and
the intercept C, for the control valve 300 all at once (Step
S211).

At this time, the CPU 4 calculates the gain G following
Equation (1), above, calculates the hysteresis H following
Equation (2), above, and calculates the intercept C following
Equation (3), above. After this, the calculated gain G, the
hysteresis H, and the intercept C are stored in the memory
portion 5 as parameters for the control valve 300 (Step S212).

As can be understood from comparing FIG. 3 and FIG. 5,
in the Another Example, the reciprocating operation of the
regulator valve 200 is limited to a small range of the first
intermediate opening X1 and the second intermediate open-
ing X2, and thus has the benefit of being completed more
quickly than the operation in the Example. Note that, in the
Example and Another Example, the sequence with which the
control signals Mv are changed is not limited to one of the
sequences illustrated in FIG. 3 and FIG. 5.

Furthermore, while in FIG. 3 and FIG. 5 the gain and the
intercept were calculated at the center portion of the recipro-
cating operation, if the slopes are different when the control
signal Mv is rising versus falling, then two different gains
may be obtained, and used when establishing the control
parameters. In this case, the gain of the regulator valve 200
when operating in the opening direction may be calculated as
Gopen=(Pv(2)-Pv(1))/(Mv(2-1)-Mv(1-1)) and the gain of
the regulator valve 200 when operating in the closing direc-
tion may be calculated as Gelose=(Pv(2)-Pv(1))/(Mv(2-2)-
Mv(1-2)), the control parameters for an operation in the open-
ing direction, used when the regulator valve 200 is operating
in the opening direction, may be calculated based on the gain
Gopen for when operating in the opening direction, and the
control parameters for an operation in the closing direction,
used when the regulator valve 200 is operating in the closing
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8

direction, may be calculated based on the gain Gclose for
when operating in the closing direction.

Moreover, while in the Example and Another Example, set
forth above, the four data pairs, namely the first data pair
(Pv(1), Mv(1-1)), the second data pair (Pv(2), Mv(2-1)), the
third data pair (Pv(2), Mv(2-2)), and the fourth data pair
(Pv(1), Mv(1-2)), were used to calculate the gain G, the
hysteresis H, and the intercept C, any one of these for data
pairs may be omitted.

For example, if the fourth data pair (Pv(1), Mv(1-2)), the
last obtained in the sequence in FI1G. 3, were omitted, still the
gain G, the hysteresis H, and the intercept C could be calcu-
lated using Equations (4), (5), and (6), below.

G=(Pv(2)-Pv(1)) (Mv(2-1)-Mv(1-1)) @)

H=Mv(2-1)-Mv(2-2) ®

C=P(2)- Gx(Mv(2-1)+M(2-2))/2 (6

For example, if the third data pair (Pv(2), Mv(2-2)), the last
obtained in the sequence in FIG. 5, were omitted, still the gain
G, the hysteresis H, and the intercept C could be calculated
using Equations (7), (8), and (9), below.

G=(Pv(2)-Pv(1)) (Mv(2-1)-Mv(1-1)) %)

H=Mv(1-1)-Mv(1-2) ®

C=Py(1)-Gx(Mv(1-1)+Mv(1-2))/2 ©)

Because the gain G, hysteresis H, and the intercept C can be
calculated from three data pairs, using Equations (4), (5), and
(6) or Equations (7), (8), or (9), instead of Equations (1), (2),
and (3), there is the advantage of being able to complete the
operation more quickly.

Note that while in the examples set forth above the control
signals that were changed following a specific sequence were
the EPM drive signals My to the EPM 2 in the positioner 100,
instead the opening setting signals Iin to the positioner 100
(the input signal to the positioner), the nozzle back pressure
Pn to a pilot relay 3 within the positioner 100 (the input
pressure to the pressure amplifier within the positioner), or
the operating device pressure Po from the positioner 100 to
the regulator valve 200 (the input pressure to the operating
device that drives the regulator valve) could be changed fol-
lowing a specific sequence and used as the control signal.

Moreover, while in the examples set forth above the valve
opening for obtaining the first data pair (Pv(1), Mv(1-1)) and
the valve opening for obtaining the fourth data pair (Pv(1),
Mv(1-2)) were both the same intermediate opening X1, and
the valve opening for obtaining the second data pair (Pv(2),
Mv(2-1)) and the valve opening for obtaining the third data
pair (Pv(2), Mv(2-2)) were both the same intermediate open-
ing X2, these need not necessarily be identical openings, but
rather each data pair may have different openings. Even if
each of the data pairs has different openings, still the gain G,
the hysteresis H, and the intercept C can be calculated easily
through geometric calculations.

Extended Examples

While the present invention has been explained above in
reference to examples, the present invention is not limited to
the examples set forth above. The structures and details of the
present invention may be modified in a variety of ways, as can
be understood by those skilled in the art, within the scope of
the present invention. Moreover, the present invention may be
embodied through combining the various examples, insofar
as there are no contradictions.
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The invention claimed is:
1. A parameter acquiring device for acquiring parameters
for a control valve that is structured from a regulator valve and
a positioner that controls an opening of the regulator valve,
the parameter acquiring device comprising:
a controlling valve operating unit that operates a control-
ling valve in an opening direction and in a closing direc-
tion by changing, in a specific sequence, a control signal
that controls the opening of the regulator valve;
a valve opening signal acquiring unit that acquires, as a
valve opening signal, a signal indicating an actual open-
ing of the regulator valve;
a parameter calculator that:
defines, as a first data pair, the valve opening signal and
the control signal when the regulator valve is at a first
intermediate opening when the regulator valve is
operating in the opening direction,

defines, as a second data pair, the valve opening signal
and the control signal when the regulator valve is at a
second intermediate opening when the regulator
valve is operating in the opening direction,

defines, as a third data pair, the valve opening signal and
the control signal when the regulator valve is at a third
intermediate opening when the regulator valve is
operating in the closing direction,

defines, as a fourth data pair, the valve opening signal
and the control signal when the regulator valve is at a
fourth intermediate opening when the regulator valve
is operating in the closing direction,

acquires at least three of the first through fourth data
pairs, and

calculates, at once, at least two parameters of the control
valve based on the data pairs that have been acquired;
and
a memory storing the at least two parameters,
wherein the at least two parameters are used as at least
one of part of the control signal and a fault evaluation
parametet,

wherein the control signal controls a position of the
regulator valve when moving in one of the opening
direction and the closing direction.

2. The parameter acquiring device as set forth in claim 1,
wherein

the parameter calculator calculates, as at least one of the at
least two parameters, a gain of an input/output charac-
teristic of the control valve.

3. The parameter acquiring device as set forth in claim 1,

wherein

the parameter calculator calculates, as at least one of the at
least two parameters, a hysteresis of an input/output
characteristic of the control valve.

4. The parameter acquiring device as set forth in claim 1,

wherein

the parameter calculator calculates, as at least one of the at
least two parameters, an intercept of an input/output
characteristic of the control valve.

5. The parameter acquiring device as set forth in claim 1,

wherein

the parameter calculator calculates:

an opening control parameter operating in the opening
direction, for use when the regulator valve is operated in
the opening direction, based on the first data pair and the
second data pair, and
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a closing control parameter operating in the closing direc-
tion, for use when the regulator valve is operated in the
closing direction, based on the third data pair and the
fourth data pair.

6. The parameter acquiring device as set forth in claim 1,

wherein

the parameter calculator defines the first intermediate
opening and the fourth intermediate opening as a same
opening and defines the second intermediate opening
and the third intermediate opening as a same opening,
and calculates a parameter for the control valve based on
the data pairs obtained.

7. The parameter acquiring device as set forth in claim 1,

wherein

the control signal is an input signal to the positioner, a drive
signal to an electropneumatic converter within the posi-
tioner, an input pressure into a pressure amplifier within
the positioner, or an input pressure from the positioner
into an operating device that drives the regulator valve.

8. A parameter acquiring method for acquiring parameters

fora control valve that is structured from a regulator valve and
a positioner that controls an opening of the regulator valve,
the parameter acquiring method comprising the steps of:
operating a controlling valve in an opening direction and in
aclosing direction by changing, in a specific sequence, a
control signal for controlling the opening of the regula-
tor valve;
a valve opening signal acquiring step acquiring, as a valve
opening signal, a signal indicating an actual opening of
the regulator valve; and
a parameter calculating step comprising the steps of:
defining, as a first data pair, the valve opening signal and
the control signal when the regulator valve is at a first
intermediate opening when the regulator valve is
operating in the opening direction,

defining, as a second data pair, the valve opening signal
and the control signal when the regulator valve is at a
second intermediate opening when the regulator
valve is operating in the opening direction,

defining, as a third data pair, the valve opening signal
and the control signal when the regulator valve is at a
third intermediate opening when the regulator valve is
operating in the closing direction,

defining, as a fourth data pair, the valve opening signal
and the control signal when the regulator valve is at a
fourth intermediate opening when the regulator valve
is operating in the closing direction,

acquiring at least three of the first through fourth data
pairs, and

simultaneously calculating at least two parameters of the
control valve based on the data pairs that have been
acquired;

storing, in a memory, the at least two parameters; and

using the at least two parameters as at least one of part of
the control signal and a fault evaluation parameter,
wherein the control signal controls a position of the
regulator valve when moving in one of the opening
direction and the closing direction.
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